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[57]

An acoustic liner for attenuating noise comprises a

backing face and a perforated facing sheet arranged

~over and spaced from the backing face, the perforated

facing sheet belng on non-untform thickness in the di-
rectlon of noise pmpagatlon

10 Claims, 13 Drawing Figures

33

30



U.S. Patent oct. 27, 1981 Sheet 1of6 4,296,831

FIG. 2
PRIOR ART

FIG. 3
PRIOR ART



U.S. Patent oct. 27, 1981 ' Sheet 2 of 6 4,296,831

FIC. 4
PRIOR ART

FIG. S
PRIOR_ ART
.‘___x_
25 25
26 2 26
A L
T 77
A
_. /
@, O
FIC. b

PRIOR ART



U.S. Patent oct. 27, 1981 Sheet 3 of 6

D

7!l
|

33 32
TSRy
I )

]

T
BTSN
W

34 34

FG.7 30

34 2 34

FIG. 8



4,296,831

Sheet 4 of 6

U.S. Patent oct. 27 1981

- )

M
<

YA

o)
S
g e



U.S. Patent  oct. 27, 1981 Sheet 5 of 6 4,296,831

b

SOUND
POWER

LEVEL
ATTENUATION

(dB)

63 000 6000
FREQUENCY  (Hz) ——»

FI1G. 10

-

SOUND
POWER

LEVEL
ATTENUATION

@8)

b3 000 6000
~ FREQUENCY (Hz) —»

FIG. I



U.S. Patent oct. 27, 1981 Sheet 6 of 6 4,296,831

R

SOUND

POWER
LEVEL
ATTENUATION

(@B

63 1000 6000
FREQUENCY  (Hz) ——

FI1G. 12

-

SOUND
POWER
LEVEL

ATTENUATION
@B)

63 1000 OO0
FREQUENCY (Hz) —»

FI1G. 13



1
ACOUSTIC LINER FOR ATTENUATING NOISE

- This invention relates to acoustic liners for attenuat-
ing noise. L

In particular although not exclusively, the present
invention relates to acoustic liners for silencers associ-
‘ated with vehicles. A _
It 1s known for such acoustic liners to comprise a
- perforated facing sheet or layer arranged over and

spaced from a backing face. The attenuating character-
 istics of knwon acoustic liners can be altered by varying
the uniform porosity of the perforated facing sheet, i.e.
the difference in the total area of the perforated facing
sheet and the actual solid area of the perforated facing
sheet compared to the total area of the perforated facing
sheet, and by varying the backing depth i.e. the dis-
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FIG. 2 is a diagram illustrating the section through
one prior known embodiment of acoustic liner:
FIG. 3 is a diagram similar to FIG. 2 but illustrating

the section through a second prior known embodiment
of acoustic liner;

 FIG. 4 is a diagram similar to FIG. 2 but illustrating
the section through a third prior known embodiment of

- acoustic liner:
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tances between the perforated facing sheet and the
backing face. However, with the wvariations to these

parameters a maximum level of attenuation occurs be-

yond which the overall efficiency of the liner cannot be

improved. |

Different embodiments of acoustic liners have been

used and some of these embodiments are described later

in this specification. However these known embodi-

ments either attenuated a limited frequency range or
tions associated with vehicle silencers. |

~ An object of the present invention is to provide an

acoustic liner which attenuates noise over a wide fre-

else tended to be unsuitable for use in the dirty condi-

tions associated with vehicle silencers.
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quency range and which is suited to use in dirty condi- |

According to the present invention an acoustic liner |

for attenuating noise comprises a perforated facing
sheet having a non-uniform thickness. - |

Preferably, the thickness of the perforated facing
sheet 1s non-uniform in the direction of noise propaga-
fion. |

sheet is carried by means of steps.

Alternatively, the perforated spacing sheet is tapered
in the direction of noise propagation.

Alternatively, at least one face of the perforated fac-
ing sheet may be of wave form. |

Preferably, the acoustic liner comprises a backing
face, the perforated facing sheet being arranged over
and spaced from the backing face. I

Advantageously, a number of wave guides are pro-
vided between the backing face and the perforated
facing sheet, the wave guides effectively dividing the
acoustic liner into a plurality of cells. |
- Conveniently, the perforated facing sheet is consti-
tuted by a single layer, the layer having a non-uniform
‘thickness. I | |
- Alternatively, the perforated facing sheet is consti-
‘tuted by a plurality of layers, at least some of the layers
being non-continuous. | L -

Preferably, the
non-uniform. - |
~ Advantageously, the porosity of any particular por-
tion of the perforated facing sheet is associated with the
“thickness of the portion. | |

By way of example only, three embo.diments of the

- present invention will be described with reference to
- the accompanying drawings, in which: |

FIG. 1 1s a diagram illustrating a noise source and a
silencer associated with the noise source and provided
‘with an acoustic liner for attenuating noise:

porosity of the perforated sheet is

35

_Con'#eniently, the thickness of the perforated facing |
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~ FIG. 3 is a diagram similar to FIG. 2 but illustrating
the section through a forth prior known embodiment of
acoustic liner; | '
FIG. 6 is a diagram similar to FIG. 2 but illustrating
the section through a fifth prior known embodiment of

acoustic liner; |

FIG. 7 is a diagram similar to FIG. 2 but illustrating
the section through a first embodiment of acoustic liner
constructed in accordance with the present invention;

FIG. 8 is a diagram illustrating a detail of FIG. 7
drawn on an enlarged scale: | | |

FIG. 9 is a diagram illustrating a second embodiment
of the detail of FIG. 8;

FIG. 10 is a typical graph illustrating the narrow
bandwidth attenuation spectrum for an acoustic liner as
illustrated in FIG. 2; '

'FIG. 11 is a typical graph illustrating the narrow
bandwidth attenuation spectrum for an acoustic liner as
lllustrated in FIG. 4; | |

- FIG. 12 is a typical graph illustrating the narrow
bandwidth attenuation spectrum for an acoustic liner as
Illustrated in FIG. 5; and .. |

FIG. 13 is a typical graph illustrating the narrow
bandwidth attenuation spectrum for an acoustic liner as
illustrated in FIG. 7. |

FIG. 1 illustrates a noise source 1, for example a
vehicle drive motor or cooling fan, and an associated |
elongate silencer 2 (only one end of which is shown)
provided with an acoustic liner 3 for attenuating noise,
the acoustic liner 3 is provided on all four walls of the

-generally rectangular shaped silencer and comprises an

inner perforated facing sheet 4 constituting a laminar
absorber. Typically in cross-section the silencer walls
are of the order of thirty to sixty centimeters and the
acoustic liner backing depth, i.e. the distance between
the perforated facing sheet and a backing face adjacent
to the silencer wall, is of the order of two and one half
centimeters. |

FIG. 2 illustrates the section through one embodi-
ment of acoustic liner 3 comprising a perforated facing
sheet 4 arranged over and spaced from a backing face 5.
Typically, the measurement across the holes constitut-
ing the perforations in the facing sheet is of the order of
one to four millimeters. Typically, the porosity of the
perforated facing sheet, i.e. the difference in the total
area of the perforated facing sheet and the actual solid.
area of the perforated facing sheet compared to the total
area of the perfprated sheet is of the order of fifteen to
twenty percent but can be as low as five percent.

FIG. 10 shows a typical narrow bandwidth attenua-
tion spectrum i.e. a graph illustrating attenuation against
frequency, obtained with an acoustic liner as illustrated

in FIG. 2. The graph shows a peak attenuation fre-

quency at approximately one thousand hertz. The graph

- falling to near zero attenuation at frequencies of approx-
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imately sixty three hertz and six thousand hertz. Al- |
though a secondary, minor anti peak is shown to occur
at frequencies higher than six thousand hertz, this prior

- known embodiment of acoustic liner tends not to effi-



3
mently attenuate noise occurring at frequencles higher
than six thousand hertz.

FIG. 3 illustrates the section through a second em-
“bodiment of prior known acoustic liner in which wave
“guides 10 extend between perforated facing sheet 4 and
~the backing face 5, the wave guides adding mechanical
stability to the liner and dividing the acoustic liner into
a honeycomb of separate generally hexagonal or cubical

cells 11, each typically having a maximum internal di-
mension of the order of two centimeters.

4,296,831 |

&
capable of efficiently attenuating high frequency noise,
the present invention provides an acoustic liner com-
prising a perforated facing sheet of non-uniform thick-
ness.

One embodiment of an acoustlc liner constructed in

accordance with the present invention is illustrated in
FIGS. 7 and 8. FIG. 7 shows a section through the

~acoustic liner, the section being taken longitudinally

- along the silencer duct in the direction of noise travel.

10

Principally, an acoustic liner as shown in FIG. 3 has -

a typical narrow bandwidth attenuation spectrum simi-

lar to that obtained with the first described liner. How-

ever, ‘flanking transmission’ i.e. wave transmission gen-

erated between the perforated facing sheet and the
backing face and travelling along the backing face sub-
stantially are eliminated. However, the second embodi-

~ ment of acoustic liner still tends not to be efficient in

attenuatmg noise occurring at frequenc:les higher than
six thousand hertz.

15 hexagonal or cubical cells 36.

20

FIG. 4 illustrates the section through a third prior

‘known embodiment of acoustic liner comprising a sec-

~ ond perforated sheet or layer 13 inserted between the
- perforated facing sheet 4 and the backing face 3.

The effect of the second perforated sheet 13 on the

 typical narrow bandwidth attenuation spectrum ob-

tained can be seen in FIG. 11, the anti-resonance region
~ at around six thousand hertz tends to be filled in. Thus,
this embodiment of acoustic liner tends to be slightly
-more efficient in attenuating noise at frequenmes above
one thousand hertz.

FIG. 5 illustrates the section through a fourth prior

23
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known embodiment of acoustic liner in which the space

formed by the backing depth between the perforated
facing sheet 4 and the backing face § is filled with pack-
ing 16, for example, foam or a fibrous mineral wool
- material. The effect of the packing can be seen in FIG.
12 which illustrates a typical narrow bandwidth attenu-
ation spectrum obtained with an acoustic liner as illus-
rated in FIG 5. For frequencies below one thousand
‘hertz the graph is similar to that obtained with the pre-
viously described acoustic liners. However, for fre-

35

aguencies over one thousand hertz the attenuation falls

to approximaiely one half of the peak attenuation and
then substantially maintains this level throughout the
relevant higher frequencies. |

Thus, it is clear that for the range of higher frequen-
cies the acoustic liner illustrated in FIG. 5 1s more effi-

- cient in attenuating noise than the previously described

acoustic liners. Unfortunately, the acoustic liner illus-
¢rated in FIG. 5 tends not to be suitable for use in dirty
conditions frequently encountered in silencer installa-
tions, the dirt particles or fluid penetrating the packing

45
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and reducing the attenuating efficiency. Consequently,

the prim known embodiment of acoustic liner as illus-
trated in ¥IG. 5 tends to have relatively short eff' icient
operational Iife.

FIG. 6 illustrates the section through a fifth embodi-

ment of pricr known acoustic liner comprising wave
guides 19 dividing the acoustic liner into generally hex-
agonal or cubical cells 11, each of which is sub-divided
by inclined wave guides 25 and a plurality of perforated

- wave guides 26 extending between the perforated fac-

ing sheet 4 and the inclined wave guides 25. This em-
bodiment of acoustic liner tended to be less efficient
than the liner illustrated in FIG. 5.

- Inorder to provide an acoustic liner capable of work-
ing for relatively long periods in dirty conditions and

55

The acoustic liner comprises a solid backing face 30, a
perforated facing sheet or layer 32 having holes or

-perforations 33 and arranged over and spaced from the

solid backing face and a plurality of wave guides 34
dividing the acoustic liner into a plurality of generally

As seen in FIG. 7 and shown on an'enlarg_ed scale in
FIG. 8 the portion of the perforated facing sheet 32

associated with each cell 36 is of non-uniform thickness,

the thickness varying in the direction of noise propaga-

tion. The thickness of each portion increases in three

step formations 37, 38 and 39 so that each of the four

" portions has a different thickness. In the embodiment

shown, the thickness is increased in the direction of
noise propagation. However, in other embodiments the
thickness is reduced in the direction of noise propaga-
tion.

At each step the thickness increases, for example, by
one millimeter the minimum thickness being, for exam-
ple, one millimeter. |

In some embodiments addltlonal wave guides (not
shown) extend from the edge of each step towards the
backing face. In other embodiments inclined wave
guides 53 are provided in each cell, the inclined wave
guides being additional to or instead of wave guides
arranged substantially normal to the backing face.

F1G. 13 illustrates a typical narrow bandwidth atten-
uating spectrum for an acoustic liner illustrated In
FIGS. 7 and 8. The graph obtained for frequencies
below one thousand hertz is similar to that obtained

with the previously described acoustic liners. However,

for relatively high frequency noise at frequencies higher
than one thousand hertz a more efficient attenuation is
achieved. The higher efficiency tending to be main-
tained throughout the range of relevant frequencies.
FIG. 9 illustrates a portion of perforated facing sheet
40 for a third embodiment of acoustic liner in which the
normally hidden surface of the perforated facing sheet,
i.e. the surfae directed towards the backing face 41 1s
tapered in the direction of noise travel. Each portion
associated with a generally hexagonal or cubical cell
defined by wave guides 43 comprises the tapered forma-
tion so that a generally saw toothed shaped perforated

facing sheet is formed. In the Figure, the effect of the

taper is to increase the thickness in the direction of noise

- travel. However, in other embodiments the effect of the

60
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 ‘taper is to increase the sheet thickness in a direction

opposite to noise propagation. Typically, the taper in-

‘creases the sheet thickness, for example, from a mini-

mum of one millimeter to a maximum of four millime-
ters. -
The acoustic liner of FIG. 9 also comprises an in-

“clined wave guide 44. In other embodiments the In-

chned wave guide 44 1s omitted.

It is expected that a narrow bandwidth attenuation
spectrum similar to that illustrated in FIG. 13 would be
obtained with the acoustic hiner tllustrated in FIG. 9.




In other embodlments, at least one face of the perfo-
rated facing sheet is of wave form, thus varymg the
- thickness of the sheet. |

Referrmg again to FIG. 8, the acoustic liner com-

‘prises a solid backing face (not shown), a stepped perfo-

rated facing sheet 32, and wave guides 34 dividing the
acoustic liner into generally hexagonal or cubical cells

- 36. Inclined wave guides 53 are provided in each cell.

The porosity of each portion of the perforated facmg
sheet 32 associated with each cell is non-uniform, i.e.

4296 831
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the difference in the total area of the perforated facing
“sheet and the actual area of solid facing sheet compared

~ with the total area of the perforated facing sheet is

~ varied over the portion of the sheet. In the embodiment

number of holes or perforatlons associated with each
step or thickness. It will be seen in the dlagram that the
‘concentration of holes or perforations is relatively low
in the thin right hand section of the portion and rela-
tively hlgh in the thicker left hand section. The concen-
~ trations in the two intermediate sections lies between
| _the concentrations of the two extreme sections.

15
- shown in FIG. 8 this is simply achieved by varying the

20

Typically, the porosity associated with the thlnnest |

~ and thickest sections is five percent and twenty percent,

respectively, while the porosity of the other two sec- =

- -tions is ten percent and fifteen percent. .

- In FIG. 8 the porosity over the portion is shown te
reduce in the direction of noise propagation. However,
in other embodiments the porosity over the portion
reduces in the opposite direction to noise propagation.

25

p |
‘From the above descnptlon it will be appreciated that

the present invention prowdes acoustic liners which
efficiently attenuate noise and which have expected

relative long operational lives.

In further embodiments only some of the silencer
walls are provided- wnth acoustlc lners.

I claim:

1. An acoustic liner for attenuating noise, comprising
a- backing face, a perforated facing sheet and a wave
guide assembly extending between the backing face and

‘the perforated facing sheet to define a plurality of cells,

the portion of the perforated facing sheet associated

- with each cell having a non-uniform thickness.

2. An acoustic liner as claimed in claim 1, in which
the thickness of the 'perforated facing sheet is non-
uniform in the direction of noise propagatlon relatlve
thereto. . -

3. An acoustic llner as claimed in claim 2, in which
the thickness of the perforated facing sheet is varied by
means of steps.-

4. An acoustic liner as clalmed in claim 2, in which

the perforated facmg sheet is tapered in the dlrectlon of
noise propagation.

5. An acoustic liner as claimed in claim 2, 1n which at

least one face of the perforated facing sheet is of wave
form.

6. An acoustic lmer as elanned in claim 1 in whlch |

~ the perforated facing sheet is constituted by a single

30

‘The typical narrow bandwidth attenuation spectrum

expected with an acoustic liner as illustrated in FIG. 8
shows an increased efficiency over the relevant high

B frequeney range. In other embodiments of the invention

‘the perforated facing sheet is constituted by a plurality

~ of layers, at least some of Wthh may be non-eontmu-'

Ous. -

In still further embodiments of the invention where
the acoustic liner is intended for use within the cross-
sectional area of the silencer, the rigid backing face may

“be replaced by a second perforated perforated facmg
‘sheet. B

35

layer, the layer having a non-uniform thickness.
7. An acoustic liner as claimed in claim 1, in which
the perforated facing sheet is constituted by a plurality

~of layers, at least some of the layers being non-continu-

Ous.

8. An aceustic liner as claimed in claim 1, in which
the porosity of the perforated sheet is non-uniform.

9. An acoustic liner as claimed in claim 8, in which

* the porosity of any particular portion of the perforated

40
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facing sheet is associated with the thlckness of the por-
tion. '
10. An acoustic llner as claimed in claim 1, in which

- the portion of the perforated facing sheet associated

with each cell has a flat face which faces away from the

backing face and is substantially parallel thereto.
- kK ok ok |
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